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ABSTRACT 

Using a sample of 14 BeppoSAX and 74 Swift GRBs with measured redshift we tested the cor- 
relation between the intrinsic peak energy of the time-integrated spectrum, -E p ,i, the isotropic- 
equivalent peak luminosity, L Pl i S o, and the duration of the most intense parts of the GRB 
computed as T0.45 ("Firmani correlation"). For 41 out of 88 GRBs we could estimate all of 
the three required properties. Apart from 980425, which appears to be a definite outlier and 
notoriously peculiar in many respects, we used 40 GRBs to fit the correlation with the maxi- 
mum likelihood method discussed by D' Agostini, suitable to account for the extrinsic scatter 
in addition to the intrinsic uncertainties affecting every single GRB. We confirm the correla- 
tion. However, unlike the results by Firmani et al., we found that the correlation does have a 
logarithmic scatter comparable with that of the E Py i-Ei so ("Amati") correlation. We also find 
that the slope of the product L Pi j so To. 45 is equal to ~ 0.5, which is consistent with the hy- 
pothesis that the -E p ,i-L p ,iso-2T>.45 correlation is equivalent to the E Py i-Ei SO correlation (slope 
~ 0.5). We conclude that, based on presently available data, there is no clear evidence that 
the E P:i -L p ^ BO -Tr,,45 correlation is different (both in terms of slope and dispersion) from the 
E Py i-Ei so correlation. 
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1 INTRODUCTION 

Ten years after the first measurements of the cosmological dis- 
tances to Gam ma-Ray Bursts (G RBs) made possible by the Bep- 
poSAX satellite (Boella et al. 1997), the task of measuring the red- 
shift either of their afterglow itself or of the host galaxy associated 
with a GRB remain s challenging. In the era of the Swift spacecraft 
dGehrels et al.l2004l) the rate of GRBs with a measured distance has 
increased remarkably thanks to its rapid follow-up capabilities and 
its arcsec X-ray localisations promptly distributed for most GRBs. 
Yet, only for one third out of over ~300 GRBs detected to date 
(April 2008) the redshift measurement is available. In the remain- 
ing cases, due to the combination of unfavourable observing condi- 
tions, such as high Galactic extinction or intrinsic faintness of the 
afterglow or unavailability of equipped telescopes especially with 
the NIR filters for high-z GRBs, the attempt is doomed to failure 
(e.g., see Fynbo et al., 2007). 

With respect to the long duration GRBs with known redshift, 
several correlations between intrinsic properties have already been 
discovered (e.g. see Schaefer & Collazzi 2007). The interest in 
these correlations is twofold: they are a direct way to test the pre- 



dictions of the emission mechanisms models and, in perspective, 
they could potentially be used as luminosity estimators. Among the 
most popul ar and debated exa mples, we mention the relation dis- 
covered by Am ati et al] d2002h between the rest-frame peak energy 
of the high-energy vF v spectrum of the prompt emission, E p ,- U 
and the isotropic-equivalent radiated energy in the rest-frame 1- 
10000 keV energy band, Ei so , that s hows a dispe rsion of the data 
points with a log Ep , = 0.15 ± 0.04 dAmatil2 006). A tighter corre- 
lation has been found afterwards between E p ,i and the collimation- 
corrected radiated energy, E-,, where the jet angle is derived from 
the ti me of the break in the afterglow light curve dGhirlanda et al.l 
2004). Both relations are still a matter o f debate. Criticisms to 
the E ,i-Ej ao relation hav e been raised by [Nakar & Piranl d2005h 
and |Band & Pree3 d2005l) . who claim that the maj ority of GRBs 
with u nknown redshift detected with CGRO/B ATSE dPaciesas et al.l 
1999) are inconsistent with this relation. However, different re- 
sults have been repor ted b y other authors ( Ghirlanda et alJ I 2005bl: 
Pizzich ini et al . 2006). See lAmatilj2006l) for an updated review on 
this subject. In the case of the Ep^-E^, what appears to be a cru- 
cial and often controversial task is the identification of the break 
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(if any) in the afterglow ligh t curve due to the jet Panaitescu et al.l 
2006; Ghi rlanda et al.ll200l Icampana et al.ll2007T) . A similar and 
less model-dependent relation has been found between E P} i, Ei so 
and the rest-frame brea k time of the optical afterglow light curve 
dLiang & Zhanell2005l) . 

Other correlations have been reported in the literature, such 
as that between t he temporal variability of the time profile and the 
peak luminosity dFenimore & Ramirez -Ruiz 2000; Reicha rTet al.l 
l200ll ; ISchaefer et alfeOOlTT However, recent work based on larger 
samples proved that the dispersion of this relation is so large as 
to make it a useless luminosity e stimator dGui dorzi et al. 120051 ; 

lGuidorzill2005l ; lRizzuto et al]2007l). 

The correlation found bv lNorris et al.l 12000) between peak lu- 
minosity and spectral lag (estimated by cross-correlating time pro- 
files of the same GRB at different energy bands) appears to be 
a promising tool for identifying the short duration GRBs charac- 
terised by an initial spike, followed b y a soft and long tail, which 
otherwise may look like long GRBs dNorris & Bo nnell 2006). 

In this p aper w e focus on the correlation discovered by 
aU J2006h involving three properties of the GRB 
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prompt emission: -E p ,i, the isotropic-equivalent peak luminosity 
in the rest-frame 1-10000 ke V band, L p ,j so , and the smoothing 
timescale To. 45 as defined by iReichart et al.l d200lh . This correla- 
tion (L p , iso cx E p ^ Tq 45 ) was derived from a sample of 22 
GRBs and was found to be very tight. This feature would make 
it an ideal luminosity estimator. In fact, if one assumes Ti so oc 
i P ,iso To. 45 and the validity of the E Pt i-Ei so relation, the above 
correlation follows straightforwardly. 

We test the E p ^-L Pi i so -To.4,5 correlation using a larger sam- 
ple (88) of GRBs with known redshift from BeppoSAX and Swift. In 
particular, we study E p a as a function of L p ^ BO and To. 45 to com- 
pare its dispersion with that of the E p ^-Ei so relation. In Section|2] 
we present our sample of GRBs; in Section[3]we illustrate the data 
analysis. In Section|4]we present and discuss our results. 



2 THE GRB SAMPLE 

The sample of 88 long GRBs with known redshift includes 14 
GRBs detected by the Gamma-Ray Burst Monitor (GRBM; Fe- 
roci et al., 1997; Frontera et al., 1997; Costa et al., 1998) aboard 
BeppoSAX and 74 by the Burst Alert Telescope (BAT; Barthelmy, 
2005) aboard Swift. For the latter we consider the GRBs from Jan- 
uary 2005 to April 2008. Table 1 reports the full list of GRBs of 
our sample. 

The shortest time binning available for the BeppoSAX/GRBM 
data was 7.8125 ms in the 40-700 keV energy band. For the 
SwiftfBXT data the time binning was set to 64 ms in order to en- 
sure a good signal-to-noise (SNR) ratio. 

For the GRBM data we considered all the GRBs with known 
redshi ft that have a firm estimate of E Pt \ as reported in lAmatil 
d2006h and for which high resolution data were acquired (because 
of this, we excluded 980613, 011211). For 990510 we used the 
BATSE data with 6 4 ms time binn i ng. Fo r 000210 we considered 
the light curve as in iGuidorzi et aU d2005h . 

As far as BAT GRBs are regarded, we selected only the events 
whose 7-ray profile is entirely covered by BAT during the burst 
mode. Due to these selection criteria we rejected 0503 18, 050820A, 
050904, 060218 and 060906. GRB 060124 was not included in 
the sample because o nly the precursor was recorded in burst mode 
dRomano et al J 20061) . while the main event was covered by the sur- 



vey mode, whose coarse time resolution makes it unsuitable to our 
aim. 



3 DATA ANALYSIS 

3.1 To. 45 

The smoothing timescale Tf, defined by IReichart et alj d200ll) for 
the calculation of the variability, is the shortest cumulative time 
interval covering the 100/% of the total counts above the back- 
ground. The fraction / was set to 0.45 because it was originally 
found to maximise the correla tion between variability and peak lu- 
minosity dReichart et ai]|200ll) . A correct eva luation of To. 45 must 
fulfil the requirements found by Guid orzT et al.l d2005l) . For the BAT 
and GRBM GRBs already publis hed, the values of T b.45 are consis- 
tent w ith those reported by Rizz uto et alj d2007l) and lGuidorzi et al] 
d2005l) . respectively. The Tb.45 o f GRB 980703 reporte d in this pa- 
per differs from that reported by Gui dorzi et al. 12005) and is con- 
sistent with that obtained bv lReichart et al] d200lh on BATSE data. 
However, we verified that t his had a neglig i ble im pact on the vari- 
ability estimate obtained bv lGuidorzi et al] d2005h for this specific 
GRB. 



3.1.1 To. 45 as function of energy 

In our sample we have two data sets, one for GRBM events in the 
40-700 keV band, the other for BAT events in the 15-150 keV 
band. Given that the value of T0.45 is dependent on the energy band 
used, we modelled this dependence with a pow er law, similarly to 
what originally done bv lFenimore et ai] d 19951) . for the energy de- 
pendence of the autocorrelation function width. 

We considered 284 Swift/BAT GRBs (all the Swift/BKF GRBs 
from January 2005 to April 2008 regardless of the redshift avail- 
ability) and for each of them we calculated To. 45 in the four nomi- 
nal BAT energy channels: 15-25, 25-50, 50-100 and 100-150 keV. 
We focused on the GRBs with an accurate value of To. 45 in, at 
least, three BAT energy channels. As a consequence, only 164 
GRBs were selected. For each of them we modelled To. 45 with 
a power law: To.4s(T) oc T~ 4 . Figure Q] shows the distribution 
of the power-law index £: this is consistent with being normally 
distributed around the mean value of 0.23 and a = 0.15. We 
note that this dependence on energy is marginally less strong than 
that obtained for the autocorrelation function width by Fenimore 
et al. (2005; power-law index of 0.4) with BATSE and fully con- 
sistent with the ener gy dependence o f the autocorrelation func- 
tion width found by Borg onovo et alj d2007t) for a sample of 19 
BeppoSAX GRBs. This is not surprising, given that the BAT en- 
ergy band (15-150 keV) is somewhat between that of the Bep- 
poSAX/WFC+GRBM (2-700 keV) and that of BATSE (> 25 keV). 

In order to establish the best reference energy E r at which we 
have to estimate T0.45 in the rest frame (obtained dividing the ob- 
served T0.45.obs by (1 + z)), for all GRBs in our sample we adopted 
the following approach. Given that To.45, bs of each GRB is mostly 
dominated by photons with energies close to their mean energy, for 
each GRB i in our sample we first determined its rest-frame mean 
energy E m .i. The best rest-frame energy E r was obtained by per- 
forming a logarithmic mean of the derived E m ,i, finding for the 
entire sample a value E T — 145 keV. The values of To. 45 at this 
energy are reported in Table 1. 
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Figure 1. Distribution of the power-law index £ modelling the dependence 
of To. 45 on energy. The dashed line shows the best-fitting normal distribu- 
tion centred on £ = 0.23 and <j = 0.15. 



3.2 £ p ,i 

For each GRB in our sample we evaluated the rest-frame peak en- 
ergy E P] i of the E F(E) time averaged spectrum. F or the Bep- 
poSAX GRBs we considered the approach followed hv lAmari et al.l 
< l2002h . i.e., we fitted the spectr a with a smoothly joined power-law 
proposed bv lBand et alj J 1993h . whose parameters, in addition to 
the normalisation, are the break energy Eq, and the low and high 
energy indices a and (3, respectively. 

For the SwiftfBAT GRBs, to obtain a firm estimate of E P] i the 
above approach was not always possible because of the relatively 
narrow BAT energy band. Therefore, when available, we adopted 
the E p ,i values obtained for the same GRBs with the Konus/WTND 
experiment. In the other cases, we used the values derived from the 
BAT spectra averaged over the Tgo interval. The estimated values 
or their upp er/lower limits are gene rally quite consistent w ith those 
reported bv lButler etall J2007I) and lSakamoto et alj J2007I) . 

We also checked other integration times of the BAT spectra, 
e.g., time intervals based on a significance threshold with respect 
to the background for each GRB, finding photon indices slightly 
softer than those reported in Table 2, but the statistical quality of 
the spectra was worse. 



3.3 Lp,iso 

The GRB peak luminosity, L Pi i so , in the source cosmological rest- 
frame 1-10000 keV energy band is given by: 



10000/(1+0) 



E<T>(E) dE 



(1) 



where 



HE) 
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is the measured spectrum at the peak 
(ph cm - " 3 s _i keV -1 ), Dl is the luminosity distance at red- 
shift z (using H = 71 km s -1 Mpc -1 , Q M = 0.27 and 
SI a = 0.73) and E is the energy expressed in keV. 

Depending on the morphology of the main pulse (e.g. smooth 
or spiky), the peak flux, and thus L Pi i SO , may vary up to a factor 
1.5-2 when different time scales are considered for its computa- 
tion (e.g., from the commonly used 1 s to 64 ms time scale). It 
must also be noted that a fixed time scale in the observed light 



curve corresponds to different rest-frame time scales for GRBs 
at different redshifts, thus providing peak luminosities computed 
in an inhomogeneous way. In addition, the spectral shape at the 
peak is often uncertain, because of the low statistical quality of the 
data and/or the limited number of channels and integration times 
for time resolved spectra provided by instruments. This is particu- 
larly true for SwiftfBAT, because of its narrow energy band, and for 
BeppoSAX/GRBM, which provided time resolved spectra only in 2 
channels and with a time resolution of 1 s. 

We computed the peak luminosities of the GRBs included in 
our sample by following three different methods. First of all, in 
order to perform a comparison bet ween our and their re sults, we 
followed the same method used by Firma ni et alj d2006h . We ex- 
tracted the peak spectrum integrated over 1 s and fit it with a Band 
model in which a, /3 and Eq were frozen to the best-fitting values 
obtained for the spectrum averaged on the entire GRB time pro- 
file, while the normalisation was left free to vary. This method is 
the most commonly used i n the literature, e.g., in works studying 
the L p ,j so -i?p,i correlation (Ghi rlanda et alj2005al : lYonetoku et"al] 
2004). We call this "1 s" time scale method. 

In the second case, we computed L p ,i S o using for each GRB 
the spectrum integrated over the shortest time interval around its 
peak so as to have a significant number of counts for each energy 
channel. The spectrum was then fit by still freezing a, (5 and Eo 
to the corresponding values of the time-averaged spectrum, as done 
for the previous method. We call this "variable" time scale method. 

We also attempted to evaluate L p ,i so by fitting the spectrum 
integrated over the variable time scale, as above, with all the spec- 
tral parameters left free to vary. In principle this should be the best 
method for the peak luminosity estimate. However, the statistical 
quality of these spectra, their narrow energy passband (in the case 
of BAT), the low number of channel spectra above 30 keV (in the 
case of GRBM) did not allow to get well constrained estimates of 
the GRB peak luminosity. 

In the following text, in the Tables and in the Figures we call 
the peak luminosities computed with the two different methods de- 



scribed above as L p ,i s and L P . VE 
methods are reported in Table 1 . 



, respectively. The results of both 



4 RESULTS 

In order to study the dependence of E P: i on both L Pt i so and To. 45, 
we first used the 40 GRBs in our sample (see Table 1) for which 
we have a firm determination of of E Pt i, L p ,i S o and To. 45. We ap- 
pli ed the maximum l ikelihood method (hereafter MLM) discussed 
bv lD'Agostinll f2005) extended to three variables. This method, al- 
ready adopted by us for other correlation studies (see Guidorzi et al. 
2006; Amati 2006), is the best tool to take into account, in addition 
to the statistical uncertainty in the parameters, the so called extrin- 
sic (or external) scatter, that is the scatter due to the presence of 
unknown variables that influence the correlation to be tested. 

We modelled the correlation among E p .i, £ P ,iso and To. 45, 
according to the equation 



log (Ep,i) = a log (Lp,iso) + b log (T0.45) + q 



(2) 



where the four parameters a, b, q and the extrinsic scatter <7i og e ( 
are free to vary in the fit. The best-fitting parameters so obtained, 
for each of the two peak luminosity estimates, are reported in Ta- 
ble [2] together with their uncertainties (at 90% confidence level), 
and the best fit \ 2 an d chance probability. 
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Figure 2. Peak energy E p i as a function of T p .iso and To. 45 . Only GRBs 
with firm estimates of all of the properties are shown. Triangles (circles) 
correspond to BeppoSAX (Swift) GRBs. Peak luminosities are expressed in 
units of 10 50 erg s — 1 . In the top plot the peak luminosity used is T Pi i s , 
in the bottom it is Z/ PlV ar (see text). The solid line shows the b est fit curve 
obtain ed with the maximum likelihood method illustrated bv lD'Agostinil 
12005). Dashed lines represent the 1-cr region. Shaded areas show the 1- 
and 2-cr regions, cr is the best-fit value found for oi og e v . in each case. 



As can be seen from this Table, for both Lp,i 8 and T PjV ar es- 
timates of Lp,i so , we find a significant value of extrinsic scatter, as 
displayed in Fig. [2] This result is confirmed by the fit of the data 
with Eq.[2] freezing o i g e , to 0. The resulting fit, also reported in 
Table[2] is highly unacceptable. 

GRB 980425 was found not to follow at all the c orrelation, as 
in the case of the other relat ions, such as the E p ,j-Ej BO ^Amati et al.l 
2002), the l ag-luminosity ijNorris et al ] l2000h and the variability- 
luminosity l lReichart et alj|200lh ones. This GRB is also peculiar 
for several aspects, such as its being subluminous and its associa- 
tion with SN1998bw, thanks to which it was possible to measure its 
relativ ely close (~ 40 Mpc) distance. Therefore, like lFirmani et al.l 
(2006), we did not include it in the sample used to derive the fit 
results in Table [2] and we focused on the canonical long-duration 
GRBs and XRFs which are known to follow all of the main cor- 
relations. If we include GRB 980425 in the sample, its contribu- 
tion to the dispersion of the correlation is remarkable: in the T p ,i s 
case, the extrinsic scatter passes from 0.15^q'q3 to 0.22 ±0.05 (the 
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Figure 4. The shaded (thick line) histogram shows the distribution of the 
normalised scatter £ (not) inclusive of the extrinsic scatter. The expected 
normal N(0, 1) is also displayed. The peak luminosity used is £ p , is- 



omer parameters becoming a — 0.32 ± 0.06, 6 = 0. 29 ±0.16 and 
q — 1.73 ± 0.19, respectively). Similar results are obtained using 

Tp,var • 

Moreover, we applied the MLM also to the subsample of 27 
Swift GRBs with determined -E p ,i, To. 45 and L p ,i so . The results, 
reported in Table 2, clearly show that also in this case the extrinsic 
scatter, (Ti og b , = 0.17±0. 04 (L Pi i s ), is fully consistent with that 
derived from the entire sample and far from being negligible. This 
proves that the extrinsic scatter is a property of the correlation itself 
and not an artifact of merging data sets from different instruments. 

Including all GRBs in our sample, the data points are shown 
in Fig. [3] where we report also the best fit relation between -E p ,i, 
L p and To. 45 in the case of the Z/ P ,i s estimate and with the extrinsic 
scatter taken into account. As can be seen from this figure, in ad- 
dition to many lower or upper limits to E Pt i potentially consistent 
with the correlation, a few of them clearly deviate by more than 2cr 
from the best fit model. 

In order to understand the origin the extrinsic scatter, we stud- 
ied the distribution N(( ) of the normalised deviation of the mea- 
sured log E Pt i from the values expected on the basis of the best fit 
curve (Eq.[2} in two cases, i.e., by including or excluding the found 
extrinsic scatter oi og e p j : 

c . = log L p % + b log 4% +q)- log 

m +a 2 a 2 ~ + b 2 a 2 +tf oeE 
y tog«W logjL W ao logT W 5 log Bp,, 

Figure [4] shows the result in the case of the peak luminosity esti- 
mate L p> i E . When the extrinsic scatter is taken into account, the 
resulting distribution (shaded histogram) is consistent with a nor- 
malised Gaussian, consistently with the picture of an extrinsic scat- 
ter characterising the correlation itself. Instead, assuming no extrin- 
sic scatter (<7io g e , = 0), we find an histogram (see the thick line 
in Fig.[4]l clearly inconsistent with the normalised Gaussian. In ad- 
dition to seven apparent outliers lying > 3 a off (071020, ±5.5 cr; 
000210, ±4.4 cr; 071117, ±3.9 a; 050922C, ±3.8 cr; 050525A, 
-5.2 cr; 061007, -4.0 cr; 010222, -4.0 a), others GRBs con- 
tribute to broaden the histogram, making it inconsistent with a nor- 
malised Gaussian. 

We have carefully checked the adopted estimates of E Pi i, 
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Figure 3. Peak energy _E p i as a function of T p ,i s and To. 45 using all GRBs in our sample. Triangles (circles) correspond to BeppoSAX (Swift) GRBs. Dashed 
lines represent the 1-cr region. Shaded areas show the 1- and 7,-a regions, a is the best-fit value found for oi og g p . . The empty diamonds show the three Swift 
GRBs, 070506, 07061 1 and 070810A, for which we constrained E P: i but which were not used to fit correlation (see text). 



L Pi i so and To. 45 attributed to the outliers, finding that have they 
are robust. For example, in the case of GRB 000210 (a BeppoSAX 
GRB) we confirm the correctness of the attributed values. In the 
case of GRB 050525A, the accurate estimate of E Pt i was provided 
by the KonusfWlND experiment and we see no reason to reject it. 

Similar results are obtained when the same analysis is per- 
formed using L p , V ar as peak luminosity estimate. 



5 DISCUSSION 

After the discovery bv lFirmani et al.l d2006h of a correlation among 
the rest frame quantities E p .i, L Pl i SO , and To. 45, obtained with a 
sample of 22 GRBs ('Firmani' relation), using a larger GRB sam- 
ple (88 GRBs with known redshift detected by BeppoSAX and 
Swift) the correlation has been re-tested. By ignoring the outlier 
GRB 980425 and 47 GRBs for which only upper/lower limits 
to E Pi i were possible to be established, we confirm the correla- 
tion with only slightly different best-fitting parameters (see Ta- 
ble O. However, unlike iFirmani et alj d2006h we find a a signifi- 
cant extrinsic dispersion of the data points around the best fit curve, 
parametrised by the oi og e s value reported in Tablef2] that denotes 
the presence of an unknown variable (see D'Agostini 2005). This 
scatter is found to be independent of the time integration of the 
measured spectra (either 1 s for all GRBs or variable from a GRB 
to another depending on the light curve shape and statistical qual- 
ity) used to estimate of L Pt i so . 

It is also apparent from the x 2 /dof reported Table [2] that as- 



suming a null extrinsic scatter gives unacceptable results. We have 
analysed the origin of the extrinsic scatter and found that, in ad- 
dition to seven clear outliers, other GRBs contribute to the found 
dispersion. From a detailed analysis of the data available for each 
of the 40 GRB included in our reduced sample, we cannot find any 
reason to infer that some of the estimates reported in Table 2 is 
unreliable. 

Furthermore, as can be seen in Fig. [3] also some GRBs with 
only upper/lower limits deviate form the best fit curve by more than 
2 o. Thus, the distribution of GRBs in the correlation plan e found 
by us is not as tight as that found bv lFirmani et alj d2006t) using a 
smaller sample of 22 events. 

On the basis of the reported results, we derive an interest- 
ing consequence. Taking into account that, in the E p a, T p ,i so , 
To. 45 multivariate correlation, the best-fitting power-law indices for 
L Pi i so and To. 45 (see Table [2j> are both consistent with 0.5, we infer 
that the Firmani relation can be approximately written as 

E p>i rx (T p ,i 3 To.45)°- 5 (4) 

That renders the Firm ani relation equiva lent to the i5 Pi i vs. 
Ei so relation discovered bv lAmatietai] (2002). Also the obtained 
extrin sic scatter is consistent with that of the Amati relation ( Amati 
2006). In conclusion, it seems that the Firmani relation does not 
provide more information than that contained in the Amati rela- 
tion. It is expected that the future joint observations by Swift and 
GLAST will provide a sizable set of GRBs with firm measures of 
all the required observables, thus allowing to refine the estimate of 
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the dispersion and to better characterise its link with the E Pt \~Ei 
relation. 



Table 1. The GRB sample: T/ =0 .4b (at the rest-frame energy of E r — 145 keV), the intrinsic peak energy, E p a, and the peak luminosities 
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8 


9 


10 


11 


12 



970228 f 


0.695 


G 


1 54+°+* 

^■■J'*— 0.19 


97()508 f 


0.835 


G 


1 70+ 031 

' -0.29 


971214 f 


3.42 


G 


1 45+°' 3 ? 

J -* u — 0.31 


980425 


0.0085 


G 


"*.*±u_ o.25 


98()7()3 f 


0.966 


G 


11 52 + S?S 


99()123 f 


1.60 


G 


6 54+ 1 - 39 
D -°^-1.14 


99()506 f 


1.30 


G 


4 84+°-25 


9905 10 f 


1.619 


G 


, c-o+0.24 
l.OO_ 22 


99()7()5 f 


0.86 


G 


' - a -0.95 


9907 12 f 


0.434 


G 


3 54+°'^ 

J - J -0.25 


on i o 1 /cf 


1.02 


Cj 


l-67_ 024 


0002 10 f 


0.846 


G 


1 06+ ' 16 

l' UD -0.14 


010222 f 


1.477 


G 


o 42 +0.62 
J -^ z -0.53 


010921/ 


n zl^ 


r: 


r- (vt+0.53 


osm if\ 


1.29 




5 00+ ' 67 
°- UU -0.52 


OS 0991 


0.5915 


g 


4 -yo_i.oo 






T5 
D 


fi iQ+0.42 


OS 011 Q 


3.240 




3 38+ ' 31 


0S0401 f 


2.90 




1 4Q+0-13 


0S041 ftA^ 


u.uooo 




o 7n+ - 15 


ososns 


4.27 




9 7 9+0.31 




0.606 


B 


-1 oy + 0.17 

1 - 37 -0.15 


UjUoUj 


O QQ1 


D 


U.Do ± U.OD 


050730 


3.967 


B 


12 06+ 1 ' 12 


050803 


0.422 


B 


11 ni + 1-72 


0S0814 


o.ou 




7 44+ 1 - 25 
'■ 44 -1.21 


050824 


0.83 


B 


,1 rr + 1.28 

4.55+ 12 q 


UJUoZD 


u.zy / 


T5 
D 


fi Qc+1-38 
D.yO ^ 22 


050908 


3.3437 


B 


1.68+^2 


050922C f 


2.198 


B 




051016B 


0.936 


B 


1 41 +0.30 
^ -0.23 


051109A f 


2.346 


B 


3 16+ 060 
d - 1D -0.40 


051111 


1.55 


B 


421 +0.17 
4 - zi -0.27 


0601 15 f 


3.53 


B 


6.32 ± 0.487 


060206 f 


4.048 


B 


0.83 ±0.07 


060210 


3.91 


B 


9 19+0- 84 


060223A 


4.41 


B 


1.36 ±0.20 


0604 18 f 


1.489 


B 


6 27+ ' 38 

D - Z '-0.37 


060502A 


1.51 


B 


3.52 ±0.27 


0605 10B 


4.90 


B 


17.32tl;« 



195 ± 64 


0.437 


95 ± 7 


0.680 


0.774 


130 ± 10 


1 


1 


145 ± 43 


0.133 


22 ± 2 


0.196 


1.132 


22 ± 2 


2 


1 


680 ± 130 


10.857 


650 ± 400 


6.068 


6.248 


830 ± 520 


3 


1 


55 ± 21 


3.977 


(6.6 ± 0.6) x 10~ 4 


2.797 


4.945 


(6.0 ± 0.6) x 10~ 4 


4 


1 


503 ± 64 


2.656 


65 ± 8 


2.456 


4.456 


60 ± 7 


5 


1 


1720 ± 470 


6.758 


2850 ± 200 


6.750 


7.172 


2900 ± 200 


6 


1 


680 ± 160 


87.055 


1050 ± 60 


90.180 


90.202 


1800 ± 100 


7 


1 


423 ± 42 


40.332 


550 ± 30 


40.332 


41.332 


550 ± 30 


8 


1 


460 ± 140 


10.514 


230 ± 10 


20.842 


20.936 


290 ± 10 


9, 10 


1 


93 ± 15 


0.625 


10 ± 1 


0.679 


1.046 


11 ± 1 


11 


1 


650 ± 130 


3.289 


2900 ± 220 


4.156 


4.172 


5200 ± 400 


12 


1 


750 ± 30 


3.022 


1100 ± 80 


3.248 


3.310 


1300 ± 100 


13 


1 


766 ± 30 


58.680 


1600 ± 90 


58.875 


58.953 


1800 ± 100 


14 


2 


129 ± 26 


10.383 


13 ± 1 


9.586 


10.930 


13 ± 1 


15 


1 


> 172 


4.112 


- 


2.448 


5.008 


- 


16 


3 


< 114 


1.584 


- 


6.256 


11.120 


- 


17 


3 


< 109 


24.592 


- 


24.720 


25.296 


- 


18 


3 


< 157 


0.656 


- 


0.336 


0.976 


- 


19 


3 


470 ± 110 


24.248 


1780 ± 160 


24.760 


25.272 


1850 ± 130 


20 


1 


25.1+4-4 


-0.064 


11.7 ±1.7 


0.704 


0.896 


17.0 ± 1.4 


21 


1 


> 416 


1.000 


- 


1.000 


2.024 


- 


22 


3 


135 ±3 


0.848 


157 ± 13 


1.232 


1.360 


200 ± 15 


23 


1 


1330 ± 110 


-0.184 


9400 ± 700 


0.136 


0.264 


19300 ± 1200 


24 


1 


> 705 


4.408 


■ 


2.488 


7.288 


- 


25 


3 


> 123 


147.208 


- 


147.528 


147.848 


- 


26 


3 


> 227 


8.712 


- 


3.976 


13.256 


- 


27 


3 


< 23 


53.128 


- 


47.816 


54.280 


- 


28 


3 


> 140 


1.328 




-0.208 


2.608 




29 


3 


< 226 


2.080 




1.760 


3.104 




30 


3 


* 1 '-54 


-0.072 


510 ± 40 


0.696 


0.824 


640 ± 40 


19 


1 


< 70 


0.072 




0.456 


0.840 




31 


3 


540+470 
°* u -120 


0.424 


340 ± 50 


0.872 


1.448 


400 ± 44 


32 


1 


> 275 


-0.304 




-0.304 


0.016 




33 


3 




94.896 


110 ± 20 


94.640 


96.240 


111 ± 11 


34 


3 


394+.* 20 


2.168 


700 ± 60 


2.680 


3.192 


710 ± 40 


35 


3 


> 353 


-0.040 




0.216 


0.472 




36 


3 


> 216 


0.072 




-0.248 


0.456 




37 


3 


570 ± 140 


27.472 


190 ± 20 


27.600 


27.664 


285 ± 30 


38 


4 


> 444 


0.112 




-0.848 


1.520 




39 


3 


> 360 


136.360 




133.032 


138.920 




40 


3 



Table 1 (cont'd) 



GRB 


z 


Inst>) 


T/=0.45 




,(b) 

start ,1s 


r(c) 
P,ls 


t (b) 

start, var 


.(b) 

stop, var 


r(c) 
^p^ar 


z 




Name 


Redshift 




(s) 


(keV) 


(s) 


(10 50 ergs" 1 ) 


(s) 


(s) 


(10 50 ergs" 1 ) 


Reference d 


Reference c 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 



060512 


0.443 


B 


1 9i+ - 45 

1 - al -0.51 


< 46 


3.280 


060522 


5.11 


B 


4 OO+0.65 


> 235 


4.392 


060526 


3.221 


B 


4.18+°"S 

— 0.34 


< 154 


0.128 


060604 


2.68 


B 


2 63 +0 ,'55 

-0.55 


< 195 


2.288 


060605 1 
060607A 


3.70 
3.082 


3 
B 


4 OO+0.54 

5 68+ ' 31 
°- DS -0.37 


4=0+180 
> 277 


1.680 
-0.552 


0606 14 f 


0.125 


B 


16 62 +3,42 


55 ± 45 


— 1.360 


060707^ 

L/UVJ f\JI 

060714 


3.425 
2.711 


3 
B 


4 Ofi+0-45 
4 - yO -0.44 

6 04+ ' 26 
°- u -0.34 


301 + 16 
< 171 


1.928 
75.344 


060729 


0.54 


3 


14 52 + 2' 2 S 


< 79 


92.888 


0608 14 f 


0.84 


B 


11.68 ± 1.09 


470 14 " 

— 70 


15.368 


060904B 1 
060908 1 

\J\J\J7\JtJ 

OfSOQI ?A 


0.703 
2.43 
0.937 


B 
3 
3 


3.42+°'« 

° -0.52 
7c -+0.08 
!' '°-0.13 
n 5O+0-08 

u.oy_ .05 


135+^ 
ilJ,J — 31 
545+220 

> 205 


1.104 
0.992 
—0.032 


uouyzu 


O.iUO 


3 


n 71 + n (id 


< 122 


n 1^9 
u.ooz 


060927 f 


5.60 


3 


(17 + OS 

U.UI _1_ U.VIO 


400+ 110 


0.168 


UO 1 uu / 
UD 111 UA 


1 9fi9 
l.ZOZ 


r> 
D 

r> 
D 


7 no+0.24 

' • oo -0.26 
o 9Q +1.34 
8 - 29 -1.03 


Qnn +120 

\ 1/11 
S> 141 


40.1 ID 

y. 1 zU 


f\/" 1 1 1 i"\~T* 

061 1 10B 


3.44 


B 


K q^+0.56 
5 - 34 -0.74 


> 551 


—7.872 


06 1 1 2 1 f 
061 126 1 


1.314 
1.1588 


B 

B 


r> o-l +0.12 

2 - 21 -o.ii 

~ -C-+0.20 
^■'°-0.30 


i yinn + 210 
1400 -170 

1337 ± 410 


74.456 
6.552 


061222B 


3.355 


B 


„ _ .4-0 28 
°- o *-0.41 


< 200 


59.048 


070110 


2.352 


B 


fi 41 +0-47 
D - 41 -0.36 


> 285 


-0.800 


070208 


1.165 


B 


2.79 ± 0.59 


< 197 


-0.312 


070318 


0.836 


B 


~ „ „ -i_n fin 


> 224 


1.168 


070411 


2.954 


B 


8.82 ± 0.47 


> 482 


70.176 


070419A 


0.97 


B 


20.86t|;°§ 


< 65 


-1.304 


070506s 


2.31 


B 


0.52 ±0.08 


162 ± 50 


6.312 


0/0529 


2.5 


B 


n oq + 1-86 
'• aa -1.26 


> 340 


2.008 


07061 is 


2.04 


B 


1.67 ±0.33 


188 ± 49 


2.336 


070612A 


0.617 


B 


39.38+.^ 2 


> 136 


9.704 


070721B 


3.626 


B 


5 06+ ' 68 


> 624 


0.136 


070802 


2.45 


B 


2.27 ±0.46 


> 138 


6.120 


07081 OAS 


2.17 


B 


0.93 ±0.16 


130 ± 13 


-0.136 


071010A 


0.98 


B 


1 24+ - 46 


< 83 


0.992 


071010B 1 


0.947 


B 


2 14+ - 21 
Zil -0.20 


101 ± 20 


1.432 


071020 f 


2.145 


B 


0.51 ±0.06 


1010 ± 160 


-0.336 


071031 


2.692 


B 


10.53 ± 1.27 


< 100 


2.880 


071117 f 


1.331 


B 


n co+0.03 
u -°°-0.05 


647 ± 226 


0.016 


071122 


1.14 


B 


8.94t 2 ; 1 J 


< 96 


11.816 





n ni a 

U.U1D 


9 7fifi 
Z. I Oo 




A 1 
41 


-5 
j 




9 7Q9 

z. 1 yz 


^ 41 £ 
O.410 




49 
4Z 


1 
j 




U. 1 U4 


1 n9i 
1.UZ4 




1 O 

iy 


1 

j 




1.968 


3.312 




A 1 

43 


3 


96 ± 21 


1.680 


4.752 


91 ± 13 


44 


3 




—0.808 


0.792 




45 


3 


3.1 ± 2.4 


2.864 


2.928 


6.55 ± 4.95 


46 


5 


155 ± 28 


1.992 


4.040 


154 ± 16 


19 


3 




75.664 


76.048 




19 


3 




91.928 


93.976 




47 


3 


fin 1 A ° 

ou.y ± 4.0 


10.DOU 


1 k Qcn 


OZ.O ± O.O 


A Q 
40 


O 


54 ± 43 


1.680 


2. 128 


61 ± 48 


49 


1 

3 


300 ± 30 


1.184 


1.440 


390 ± 30 


50 


3 




0.352 


0.608 




51 


3 




0.480 


0.928 




52 


3 


2170 ± 430 


0.808 


1.192 


2440 ± 470 


53 


3 


1080 ± 40 


38.456 


38.520 


1460 ± 30 


54 


7 


- 


-0.968 


3.128 


- 


55 


3 


- 


-16.128 


-15.424 


- 


56 


3 


1700 ± 250 


74.840 


74.904 


2040 ± 280 


57 


3 


409 ±9 


6.680 


6.936 


446 ± 18 


58 


8 


- 


45.672 


47.208 


- 


59 


3 


- 


-0.480 


1.760 


- 


60 


3 


- 


-0.248 


0.840 


- 


61 


3 


- 


1.360 


2.192 


- 


62 


3 


- 


69.856 


71.008 


- 


63 


3 


- 


18.600 


35.368 


- 


64 


3 


48.5 ± 3.5 


6.376 


6.824 


57 ±5 


65 


3 




2.392 


2.904 




66 


3 


35 ± 5 


1.568 


3.744 


18 ±2 


67 


3 




6.248 


12.520 




68 


3 




0.584 


2.120 




69 


3 




5.672 


10.088 




70 


3 


65 ±4 


0.120 


0.760 


66 ±6 


71 


3 




-1.056 


4.128 




72 


3 


36.8 ±0.8 


1.944 


2.456 


37.2 ± 1.0 


73 


9 


1265 ± 25 


0.240 


0.368 


1510 ± 60 


74 


10 




2.624 


5.248 




75 


3 


206.5 ±6.5 


0.464 


0.656 


231 ± 13 


76 


11 




-10.520 


13.352 




77 


3 



Table 1 (cont'd) 



GRB 


z 


Inst>) 


T/=0.45 


E p ,i 


start, Is 


r(c) 
P.ls 


t (b) 

start, var 


t (b) 

stop, var 


rW 

-^p.var 


z 




Name 


Redshift 




(s) 


(keV) 


(s) 


(10 50 ergs" 1 ) 


(s) 


(s) 


(10 50 ergs" 1 ) 


Reference d 


Reference ° 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 



080210 


2.641 


B 


o 91 +0.59 
-0.30 


> 266 


4.448 




7.072 


9.184 




78 


3 


080310 


2.43 


B 


11.68 ± 1.18 


< 117 


1.152 




1.280 


2.176 




79 


3 


080319B f 


0.937 


B 


8 -^-0.45 


1261 ± 65 


16.848 


672.5 ± 6.5 


12.420 


12.436 


1190 ±60 


80 


12 


0803 19C f 


1.95 


B 


1 yo + 0.07 


910 ± 270 


0.128 


440 ± 20 


0.256 


0.512 


490 ± 30 


81 


13 


080330 


1.51 


B 


1 o 2 + - 44 
^ -0.30 


< 88 


0.128 




0.384 


0.832 




82 


3 


08041 l f 


1.03 


B 


r, CO + 0.21 

z - o,5 -0.19 


524 ± 70 


40.448 


553.5 ± 5.5 


40.960 


41.088 


595 ± 13 


83 


14 


080413A f 


2.433 


B 


1.74 ±0.20 


650 ± 210 


1.624 


564 ± 16 


1.688 


2.200 


570 ± 20 


84 


3 


080413B f 


1.10 


B 


50+ 06 
U - OU -0.04 


150 ± 30 


-0.224 


185 ± 5 


0.224 


0.480 


200 ± 10 


85 


3 



a Instrument: G (GRBM), B(BAT) 

b Times of the spectrum accumulated around the peak. They are given with reference to the GRBM (BAT) trigger time of each BeppoSAX (Swiff) GRB 
c Peak bolometric isotropic equivalent luminosity in 10 50 erg s — 1 in the rest frame; Ho = 71 km s" 1 Mpc -1 , f2 m = 0.27, and = 0.73. 
d References for the redshift measurements 



, , , 



(l) lDiorgovski et alJ <1999h . (2) lMetzger et alj (|1997|) (3) iKulkarni et al] |1998|) . (4) lTinnev et al.1 <1998l). (5 ) lDiorgovski et all ll998l) , ( 6)lKulkarni et all ! 19991) . (7) 
Bloom et al]<20O3l). (8)lBeuermann et alj)1999]). (9)lAmati et all 120001) , (10 ) iLe Floc'h et alj 120021) , (ll )lGalama et alj j 19991), ( 12) IVreeswiik et al.Ul999h. (13 ) |Piro et alJfe002lTa4)lGarnavich et alJfeOOll) (15 ) 
Diorgovski et alj 1200 ll), (16)lBerger. Cenko & Kulkarni et alj l2005al). (17)lBerger & Shirt fc006l). (18)lKelson &Berger (20of), (19) Ijakobsson et alj J20063). (20)lFvnbo et al. (2005a), (21) ICenko et alj 120051). 



(22)lBerger etalj fe005bl). (23)lFolev et alj <2005t). (24)lBerger & Becker! <2005l), (25)IChen et alj 120051) . (26)lBloom et alj fe005l). (27)|jakobsson et alj l2006bh (28)lFvnbo et al.U2005bl) (29)lHabern & M irabal 



2006) 



(30) Fugazza et al 200: 
(37 )lBergeretali 12006. 



(31) ISoderberg. Berger & Ofekl |2005l). (32)IOuimbv et al.1 <2005l). (33)lHill et al.H2005l). (34) 
(3 8)lDupree et all 120061) . (39) Icucchiara et alj fe006bl) . (4 0)|Pricel 120061). (41))Bloom et al 



Piranomonte et al .U2006t)", (35) Fynbo et al. (2006a), (36) Cucchiara, Fox & Berger 
J2006J) , (42)ICenko et al.1 120061). (43 ) ICastro-Tirado et al.1 12006 1). (4 4)IStill etal 



, (51)lLevan et alj 120071). (52)lD'Elia et al 



Perlev et alj 120081) (59) iBerged l2006bl). (60) 
(66) iBerger et al.1 120071), (67) iThoene et alj 
(73)ICenko etatl l2007cl). (74) Ijakobsson et al.1 d20Q7b). 



Jaunsen 

l2007cl). (68)ICenko et alj l2007bl). (69) IMalesani et all l2007h, (70) IProchaska et alJ l2007al). (71)lThoene et al.1 l2007dh (72) IProchaska et al.1 l2007bl) . 

(75)lLedoux et al.1 120071) , (76) Ijakobsson et alj l2007cl). (77) ICucchiara et al.1 l 2007bl) (78) Ijakobsson et al.1 120081) . (79) IProchaska et al.1 l2008a l). (80) [Vreeswiik et alj 12008J) (81) lwiersema et alj J2008l> . (82) 
IMalesani et alj 120081) . (83) lThoene et al.1 l2008d) . (84) lThoene et alj l20O8bl) . (85) IVreeswiik et alj l2008bl) . 

e References for th e E vA measurements: (l)lAmatil 120061), (2) lUlanov et alj 120051) , (3) This work, (4) iGolenetskii et all 12006 j) (5))Amati et al.1 J2007h. (6) iGolenetskii et alj l2006bl). (7) iMundelll 120071) , (8) 
IPerlev et al.1 120081) , (9) lGolenetskii et alj J2007j) , (lO) lGolenetskii et aljl2007bl) . (ll) lGolenetskii et al.1 l2007ch . (12) lGolenetskii et al.1 12008 j) . (13) lGolenetskii et alj l2008bl) . (14) lGolenetskii et alj l2008cl) . 
GRBs with firm measurements of E p ,i, To. 45 and Z/ p ,i a o, used to derive the best-fitting parameters of the correlation. 

From the BAT data we could constrain only -E p ,i, while no information on a and /3 could be derived. These values for E Pt [ are not confirmed by [Saka moto et al] j2007h . These GRBs were not included in the 
sample used to fit the correlation, but just displayed in Fig. [5] Their peak luminosities were computed assuming a = — 1 and fi = —2.3. 
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